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Section One • Executive Summary 


With the increasing importance of environmental attributes in electronic products, Apple 
has incorporated environmental performance as a customer, market-driven issue. 
Environmental aspects are considered as an integral part of a product’s attributes during 
its design and development. 

To document continuous environmental improvements made by Apple, this case study of 
the Power Mac G4 desktop computer was undertaken (in conjunction with Environmental 
and Occupational Risk Management) to quantify the extent to which specific product 
features contribute toward environmental performance improvements. 

Information on the product was collected via interviews with key members of the design 
team with additional data provided by the Apple Environmental Technologies and 
Strategies Group. This study was not intended to be a scientific life-cycle assessment of 
the product, but a review of the key product attributes that the design teams could 
influence. 

The key environmental performance attributes considered in the study were: 

• Energy conservation 

• Materials reduction 

• Hazardous constituents 

• Design for robustness 

• Ease of service, repair and upgradability 

• Ease of disassembly and recycling 

• Ease of assembly 

• Product economics 
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The key environmental performance improvements based on these attributes and the 
associated design features are shown in Table 1 below. Comparisons are based on the 
previous Apple products or relevant industry standards. 


Table 1. Summary of Environmental Improvements and Design Features 


Attribute 

Environmental Improvements 

Relevant Design Features 

Energy 

conservation 

• Sleep mode of less than 5 watts is 17% 
of the ENERGY STAR® 30 watt 
requirement. 

• Aggressive power management was 
essential for platform integration and 
silent sleep mode. 

Materials 

conservation 

• 50% fewer components are on the 
Universal Motherboard Architecture. 

• Yields in initial printed circuit board 
manufacture were 95-97%. 

• Components were eliminated from the 
Universal Motherboard Architecture 
by integrating their functions into 
microprocessors. 

• Increasing yields reduced both costs 
and waste. 

Hazardous 

constituents 

• Halogenated flame retardants are not 
required in the plastics. 

• Inner metal chassis provides flame 
enclosure, eliminating the need for 
flame retardants. 

Design 

robustness 

• A Universal Motherboard Architecture 
is used for all Macintosh computers 
(desktops and portables). 

• A Universal Motherboard Architecture 
reduced cost and development time 
across product groups. 

Ease of service, 
repair and 
upgradability 

• All components are accessible via 
unique swing-open enclosure side 
door. 

• Swing-open door was considered a 
key product feature for user 
customization. 

Ease of 
disassembly 
and recycling 

• Screws to mount Universal 

Motherboard Architecture to chassis 
were reduced from 11 to 2. 

• Reduction in number of fasteners 
assisted both assembly and 
disassembly. 


Environmental improvements were generally complementary with other product 
requirements. For example, reducing materials and number of components on the 
Universal Motherboard Architecture lowered costs. Therefore, the integration of 
environmental attributes was assisted by the fact that these were often part of general 
product requirements. 

Many metrics used by the design teams for cost or performance requirements reflected 
environmental performance. For example, designers measured the reduction in number of 
components used and the yields (i.e. products which pass quality control) for printed 
circuit board manufacturing. 

It was also noted that many design features were not simply incremental but radical 
improvements (e.g. stand-by power was reduced from 30 watts to under 5 watts). Fateral 
thinking was necessary to achieve these radical environmental improvements, often 
requiring fresh perspectives on design problems. 
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Section Two • Introduction 


Apple is integrating environmental requirements into the Apple New Product Process 
(ANPP). The potential benefits of environmental performance improvements include not 
only greater customer satisfaction and market access, but also improved product line 
profitability through innovations in design, materials management, manufacturing, and 
asset recovery. 

Recognizing these opportunities, Apple’s product development teams have introduced 
environmental performance improvements in recent years. The Environmental 
Technologies and Strategies (ETS) Group is responsible for Apple's Design for 
Environment (DfE) capabilities and assuring that DfE guidelines are incorporated into 
new product development through Apple’s Product Environmental Specifications 
(APES). 

To better understand Apple’s DfE practices and performance, Apple and consulting firm 
Environmental and Occupational Risk Management conducted this review of the Power 
Mac G4 desktop computer. This case study was undertaken to quantify the extent to 
which specific product features contribute toward environmental performance 
improvements, as measured through metrics (i.e. performance indicators). 

The study was not intended to be an exhaustive life-cycle (or cradle to grave) assessment 
of the product, but a focused review of the environmental performance based on key 
product attributes that designers could influence. Therefore, the environmental impacts 
before the manufacture of the product (such as material extraction) have not been 
considered. 
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Section Three • Methodology 


The Power Mac G4 desktop computer case study was based upon a previous review of 

the Power Macintosh 7200 and followed a similar format and methodology. The 

methodology, undertaken in four stages, is outlined below: 

1. Data collection and background research. The Environmental Technologies and 
Strategies (ETS) Group provided technical details of the computer. The previous 
report served as a basic template for the new study. The key environmental 
performance attributes considered in the study were: 

• Energy conservation 

• Materials reduction 

• Hazardous constituents 

• Design for robustness 

• Ease of service, repair and upgradability 

• Ease of disassembly and recycling 

• Ease of assembly 

• Product economics 

2. Development of questionnaire. A set of questions was developed with the ETS Group 
for semi-structured interviews with key design. The questions formed the basis of the 
interviews intending to be starting points for discussion rather than a prescriptive 
structured interview. 

3. Interviews. Interviews were conducted with individuals except for a group interview 
with service staff. Interviews took approximately one hour and (with the permission 
of the interviewees) were recorded onto audio tapes. 

4. Report writing. The report was written in two stages: first, transcription of the 
interviews and second, transferring the information into a template based on the 
previous Power Macintosh 7200 study. The ETS Group and the interviewees 
provided any additional information. 
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Section Four • Product Overview 


The Power Mac G4 desktop computer is Apple’s latest desktop computer, based on the 
PowerPC G4 microprocessor. The PowerPC G4 is the first microprocessor that can 
achieve one billion floating point operations per second (a gigaflop) increasing the speed 
for completing complex tasks such as Adobe® Photoshop® filters. The Power Mac G4 
desktop computer can achieve theoretical peak performance of 3.6 gigaflops. The key 
component of the PowerPC G4, enabling such performance, is the Velocity Engine which 
processes data in 128-bit chunks instead of 32 or 64-bit chunks used in traditional 
processors. The Power Mac G4 desktop computer also increases product performance via 
a new 64bit/100 MHz system bus. 

The enclosure leverages the previous Power Macintosh G3 design which featured a 
unique swing-open side door. The color was changed in the Power Mac G4 to a polished 
silver and graphite. 



Figure 1. Swing-open door allows easy access to all components for upgrading and 

servicing 


The Power Mac G4 desktop computer is based on Apple's new hardware architecture or 
Universal Motherboard Architecture (UMA). UMA consists of a single chipset that 
supports the same features across all Macintosh computers (i.e. Power Mac desktops, 
iMacs, PowerBooks and iBooks). A full description of the Power Mac G4’s design 
features is included in the specification sheet located in the design section of 
http://www.apple.com/about/environment/. 
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Section Five • Summary of Environmental 
Performance 


This review of the environmental performance of the Power Mac G4 desktop computer 
focused upon product attributes as summarized in Table 2. It is intended to demonstrate 
how environmental issues were addressed in the design of the product using attributes 
which the design teams could influence. The study is semi-quantitative based upon 
information provided by the design teams and the Environmental Technology and 
Strategies (ETS) Group. 


Table 2. Summary of Environmental Attributes 


Attribute 

Environmental Performance 

Related Design 

Decisions 

Energy 

• Sleep mode of less than 5 watts is 17% of the 

• Power management 

conservation 

ENERGY STAR® 30 watt requirement. 

architecture is shared 
across Macintosh 


• Standard microcontrollers were used for both 
portables and desktops. 

computers. 

• Lower thermal profile 


• The secondary power supply DC-DC converter for 

(therefore more energy 


the FireWire interface was simplified saving 2W. 

efficient design) was 
required to achieve the 


• Reduced thermal profile allows fans to turn off 

desired silent sleep 


during sleep. 

mode without fan 


• Power management is compatible with 3 rd party 

running. 


Peripheral Component Interconnect (PCI) cards. 

• Power management 


• Power management complies with wake on local 

improved product 


area network (LAN) requirements. 

• Sleep button is on USB keyboard and available via 
the pull-down menu. 

reliability. 

Materials 

• 50% fewer components are on the Universal 

• Components were 

conservation 

Motherboard Architecture. 

eliminated from the 
Universal Motherboard 


• Sliders or skids are not required to hold 

Architecture by 


accessories such as zip drives and CD ROMS to 

integrating their 


chassis. 

functions onto 


• Wireless modem reduces cabling to connect the 

microprocessors. 


Power Mac G4 desktop computer to network or 

• Wireless modem was 


modem. 

added as a new product 


• Yields in initial printed circuit board manufacture 
were 95-97%. 

• Autorouter tool reduced waste through fewer tests 
and less rework. 

• Greater use of industry standard components 
reduces inventory. 

feature. 
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Attribute 

Environmental Performance 

Related Design 

Decisions 

Hazardous 

constituents 

• Halogenated flame retardants are not required. 

• The lithium battery is free of heavy metals. 

• CFCs (chlorofluorocarbons) or other ozone 
depleting compounds are not used in manufacture. 

• Internal metal chassis 
eliminates the need for 
flame retardants in the 
enclosure plastics. 

Design 

robustness 

• Universal Motherboard Architecture is used for all 
Macintosh computers (desktop and portables). 

• Industry standard components were used. 

• Enclosure leveraged Power Macintosh G3 design. 

• Universal Motherboard 
Architecture reduced 
costs. 

Ease of service, 
repair and 
upgradability 

Access to components 

• Unique swing-open enclosure side door allows easy 
access to all components. 

• Processor is easily removable, replaceable and 
upgradable. 

• Key components are changeable in 1 minute. 

• Cable routing is easier to access. 

Upgradability 

• The design supports three 3-1/2” hard drives. 

• Three PCI expansion slots are available. 

Use of standard components 

• Chassis/enclosure is supplied as complete unit. 

• More industry standard components were used. 

• Reliability is improved by energy efficient design. 

• User is cautioned from damaging components by 
warning LED and power up feature. 

• Lithium battery lasts at least seven years. 

• Common fasteners are used (either Torx or Philips 
head screws). 

• Repairability of the design components was rated 
highly by Apple Service department. 

• Expandability is a key 
product feature. 

• Easier upgradability 
reduces service and 
warranty costs. 

• A complete chassis 
with attached plastic 
enclosure panels and 
with power supply (a 
single unit) aids both 
manufacturing and 
service. 

• No tools are needed to 
access internal 
components. 

Ease of 

disassembly and 
recycling 

• Polycarbonate plastic skin enclosure is attached to 
metal chassis with screws, making it easy to 
separate plastics from metals. 

• Screws to attach Universal Motherboard 

Architecture were reduced from 11 to 2. 

• Common fasteners are used (either Torx or Philips). 

• Plastics weighing >25 grams are identified with ISO 
11469 plastic code to ease recycling identification. 

• Lithium battery is easy to replace. 

• Design for disassembly 
complements design 
for assembly and also 
reduces costs. 
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Section Six • Energy Conservation 


Energy consumption of a computer is one of the most significant environmental 
impacts across a product’s life-cycle (see Appendix A). Aggressive power 
management was an explicit design goal for the Power Mac G4 and was 
necessary to achieve a number of other key design features. These other design 
features were: 

• Platform integration: A standard power management architecture is now shared 
across Macintosh computers requiring aggressive power management for extended 
battery life on portable models. Therefore, this was also required to be a part of the 
desktop design. 

• Silent sleep mode: To achieve the desired silent sleep mode (without fans running) 
the design required a lower thermal profile (i.e. lower generation or dissipation of 
heat) and therefore, a more energy efficient design. 

• Improved reliability: Aggressive power management also resulted in improvements in 
product reliability. The energy efficient design reduced thermal stress (from 
temperature cycles - over heating) and mechanical failure (e.g. excessive use of fans 
and hard drives). 


These requirements were considered prerequisites for the product. Energy conservation 
was considered a non-negotiable design feature in the development of the Power Mac G4. 
As a design requirement it was ranked in the top 3-5 considerations (performance and 
cost were considered to be ranked 1 and 2). 

Compliance with the EPA ENERGY STAR® requirements is mandatory for all 
Macintosh computers. However, the ENERGY STAR® criteria thresholds for desktop 
models were considered significantly higher (30 watts in sleep) than those needed to meet 
the other design requirements. Therefore, compliance with ENERGY STAR® criteria 
was achieved as a matter of course. 

The design team used lateral thinking to develop new power management. This required 
“rather than thinking of what needs to be turned off during sleep, determining what 
actually needs to be left on.” Therefore, the default is everything off unless required. 
Engineers who worked on the Newton product (Apple’s handheld personal digital 
assistant which preceded devices such as the Palm Pilot) provided new ideas on energy 
conservation. The basic steps of the power management approach included: 

• Identification of hardware that needed to be managed: This required an understanding 
of the workload of components (e.g. clock controls) and how to turn them off. An 
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appropriate power management architecture was integrated into the software, based 
on this understanding of the hardware. 

• Development of software: The software was designed to understand the system and 
user requirements and then modify operations accordingly. This enabled the power 
management to be developed with hidden and limited impact on the user. 


Two key features of power management were integrated in the software: 

• No visible effects for the end user: The Power PC G4 processor was designed to 
consume less energy during less intensive operations. For example, the system 
requires 2 watts for a typical word processing user, whereas complex vector 
operations requiring computations uses 15 watts. 

• Modes that may affect the end user: Based on statistical usage patterns, components 
such as the hard drive, screen and keyboard are shut down when not in use. These are 
more aggressively programmed depending on whether this is plugged into AC power 
or a battery. 


Accomplishments and Positive DfE Attributes 


The Power Mac G4 uses less than 5 watts in sleep state. This is 17% of the 30 watts 
required by the current EPA ENERGY STAR® criteria. This reflected the design team’s 
aim to build a computer that would consume no more power than a night light, having 
little impact on user’s energy costs. The expected power consumption of the Power Mac 
G4 desktop computer using US voltages (115 volts at 60Hz) is shown below: 

• On <45 watts 

• Pull down sleep < 5 watts 

• Off < 3 watts 


Figure 2 shows a comparison of energy savings per annum for the Power Mac G4 
desktop computer, a non-ENERGY STAR® computer (operating at 55 watts without a 
sleep mode) and an ENERGY STAR® compliant computer (typically operating at 55 
watts in active mode and 30 watts in sleep). This assumes 24 hour/seven day a week 
operation with 75% of time spent in sleep mode and 25% active. The figure below shows 
that the Power Mac G4 desktop computer offers considerable energy savings - 59% less 
energy used than the ENERGY STAR® compliant computer. 
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Energy consumption per annum 



Figure 2. Energy consumption per annum of Power Mac G4 


The resultant running costs of these computers per annum are shown below in Table 3 for 
the U.S. and a comparative European market (Germany) where energy prices are higher. 


Table 3. Cost savings (per annum) of Power Mac G4 in USA and Germany 



USA 

Germany 

German (costs in US dollars) 

Cost of energy per kWh 

USD 0.077 

DM0.31 

USD 0.17 

Non ENERGY STAR® 

37.11 

149.42 

81.94 

ENERGY STAR® 

24.41 

98.27 

53.89 

PowerMac G4 

10.09 

40.61 

22.27 


Table 4 below shows the potential energy and monetary savings of the Power Mac G4 
desktop computer over a year compared to standard Non ENERGY STAR® and 
ENERGY STAR® computers for a single unit and for 10,000 and 1 million units. 
Detailed assumptions used for this study are shown in Appendix B. 


Table 4. 


Energy and monetary savings (per annum) for 1,10000 and 1 million units 



kWh 

USA (US$) 

Germany (DM) 

Units 

1 

10,000 

1 million 

1 

10,000 

1 

million 

1 

10,000 

1 million 

Vs. Non 

ENERGY 

STAR® 

351 

3.51 

million 

51 million 

27.02 

270,200 

27.02 

million 

108.81 

1,088,100 

108.81 

million 

Vs. 

ENERGY 

STAR® 

186 

1.86 

million 

86 million 

14.32 

143,200 

14.32 

million 

57.66 

576,600 

57.66 

million 
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Section Seven • Materials Reduction 


Materials conservation refers to the extent to which a product reduces the mass of 
materials required. Materials conservation was a key requirement in the design and 
manufacture of the Universal Motherboard Architecture (UMA) and to a lesser extent in 
the design of the enclosure. Saving materials was driven by costs of the actual materials, 
warehousing, and associated labor for installing components. 


Accomplishments and Positive DfE Attributes 


Component Reduction 

The UMA uses 50% fewer components than the previous Power Macintosh G3 
logic board design; fewer than 1,000 components compared to over 2000. This 
resulted in time, resource and cost savings by eliminating administrative and 
procurement efforts, logistics, and the actual installation of components onto the 
printed circuit board. Material savings were made through substantial integration 
of parts (e.g. the larger chips in the design required less supporting components). 

An example of how this integration was achieved is through signaling 
requirements which are generally of such high speed that terminating the signal is 
required. With thoughtful re-design, 128 wires were eliminated along with 128 
resistors. 

Plastic mounting components (e.g. sliders or skids) were not required to attach 
accessories such as zip drives and CD ROMS to the enclosure These items are 
now attached directly (screwed) to the metal chassis. Previous designs such as the 
Power Macintosh 7200 used ABS plastic sliders and skids attached to both the 
accessories and the chassis allowing these to slide in and out. 

• The wireless modem design reduces cabling required to connect the Power Mac G4 
desktop computer to phone connectors and networks. The Power Mac G4 desktop 
computer uses an AirPort wireless network card to access network services (such as 
the internet) via a base station called an AirPort containing both a 56k modem and 
10BASE-T Ethernet port. 
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Section Eight • Hazardous Constituents 


Several visible measures of environmental performance are the nature and amount of: 

• Hazardous materials contained in a given product, 

• Hazardous materials utilized in the manufacturing processes, and 

• Hazardous substances or wastes produced from the product. 


Accomplishments and Positive DfE Attributes 


Flame Retardants not required in Polycarbonate 

The use of the inner sheet metal chassis design ensured that product safety fire enclosure 
requirements were met, and therefore the polycarbonate resin panels did not need to 
contain any flame retardant chemicals (such as halogenated flame retardants). A number 
of European markets are currently considering banning halogenated flame retardants 
because of their hazardous properties when incinerated or recycled at the product’s end- 
of-life. 
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Section Nine • Design for Robustness 


Design robustness is the ability to which design features can be leveraged across an entire 
product range and the extent to which individual design features enhance multiple 
performance attributes. This can save materials through reduced inventory and 
production efficiency. Costs are saved using economies of scale (i.e. large volumes). 


Accomplishments and Positive DfE Attributes 


Standardized Components 

• The main Universal Motherboard Architecture (UMA) of the Power Mac G4 desktop 
computer is now standard across the Macintosh product range. This is the first 
generation of products to incorporate this feature. 

• More industry standard components are used throughout the design rather than 
specific components which vendors would have to manufacture specifically for 
Apple. 

• The design leverages the Power Macintosh G3 desktop computer. 
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Section Ten • Ease of Test, Service, Repair and 
Upgradability 


Products that are easy to test, service, repair and upgrade are likely to have a longer life, 

resulting in environmental and economic savings. Reducing the need for repairs results in 

a lower reimbursement cost to service parties and therefore lower warranty costs. 

Accomplishments and Positive DfE Attributes 

Access to Components 

• The Power Mac G4 desktop computer leveraged the previous Power Macintosh G3 
enclosure with a unique swing-open side door making all components accessible. 

• The processor was designed for easy removal from the Universal Motherboard 
Architecture (UMA) enabling components to be replaced separately rather than as a 
more expensive single unit. This also made it easier during product development to 
test different processors and facilitates processor substitution and/or upgrades. 

• Hard drives were positioned further from the enclosure hinge improving access. 

• The enclosure is also designed for use as a server. It met server market requirements 
that all key components (such as hard drives and memory) be changed in 1 minute. 

• The enclosure integrated locking mechanism provides security by preventing 
unauthorized access to the inside of the computer. 

• Cable routing was changed in the Power Mac G4 desktop computer to allow easier 
access. 

Upgradability 

• Asa key product feature for professional users, the product was designed to support 
up to three 3-1/2” hard drives, providing substantial expandability (more than 100 
gigabytes of hard disk storage is possible). 

• A key product issue for the professional user is the inclusion of three open Peripheral 
Component Interconnect (PCI) slots for expansion capabilities. The Power Mac G4 
desktop computer can accommodate PCI cards for video and graphics applications, 
networking and communications, additional processing power and other purposes. 

• Another feature for professional users is the product’s ability to support up to 1.5 Gb 
of SDRAM memory if all 4 DIMM slots on the main logic board are utilized. 

• One accelerated graphics port (AGP) card is supplied with the Power Mac G4 desktop 
computer. It can be replaced by another graphics card if required. 
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Section Eleven • Ease of Disassembly and 
Recycling 


Ease of disassembly and recycling refers to the way in which a product can be easily 
taken apart and recycled at its end-of-life. Designs that are easier to disassemble into 
common uncontaminated materials enable recycling to be more cost-effective. 


Accomplishments and Positive DfE Attributes 

• The Power Mac G4 desktop computer enclosure was designed as two components: a 
metal chassis with a polycarbonate plastic skin. This allows the easy separation of 
materials for recycling. 

• The UMA is connected to the chassis via 2 screws. The previous Power Macintosh 
G3 model used 11 screws for the purposes of vibration and electromagnetic 
interference (EMI). The number of screws was reduced without compromising these 
functions. 

• As part of the usability requirements only common fasteners (either Torx or Philips 
head screws) were used to fasten components. This simplifies disassembly as only 
two types of screw drivers are required. 

• Plastics greater than 25 grams were labeled with the ISO 11469 recycling 
identification (e.g. >PC< for polycarbonate). This proved to be a challenge as the 
design is transparent. Therefore, the labels are placed on areas of the plastic enclosure 
not visible to the user but can be seen if disassembled. 

• The lithium battery was placed on the top of the circuit board allowing easy removal 
without special tools. It is held in place with a plastic snap-fit holder allowing easy 
removal. 
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Appendix A • Computers and the Environment 


It is possible to quantify the environmental impact of a product by undertaking a life- 
cycle assessment, which requires the measurement of the environmental impacts 
throughout the life-cycle. This is a lengthy and expensive process requiring an 
understanding of all the inputs and outputs (including energy, water, wastes to land, air 
and water). A number of life-cycle assessments of computers have already been 
undertaken; identifying energy consumed during use as the most significant 
environmental impact. 


This is illustrated in the following life-cycle assessment of a computer work station by 
MCC. Note this study only compared energy (not other environmental issues such as 
solid waste, etc.). The study was based on the following assumptions: 

• The computer workstation was assumed to be mnning 24 hours a day 7 days a 
week. 

• The product life (before obsolescence) was estimated at four years although the 
anticipated reliability life is much longer. 

• Energy use during the product life was, therefore, assumed to be 35,000 hours; 
based on 24 hours/day for four years (this number did not include possible sleep 
modes). 

• The four stages of the manufacturing process include: semiconductor devices, 
semiconductor packaging, printed wiring board, and the display. 


The figure below shows that the energy required for the manufacture of key computer 
components is substantially less than that required during use. 
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Energy required for key life cycle stage 
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Figure 3. Energy required for key life-cycle stages 


According to the Environmental Protection Agency, office equipment currently accounts 
for more than 7 percent of total commercial sector electricity use. The electricity used to 
run office equipment costs consumers and businesses $2.5 billion every year. Office 
equipment represents one of the fastest growing sources of energy use in both homes and 
businesses. The growing use of the Internet is also expanding the number of hours many 
computers are in use. Therefore, energy in usage is a key environmental impact of a 
computer. 
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Other key issues that need to be considered in a computer life-cycle to reduce the 
environmental impact are: 

• Materials reduction: Reducing materials reduces the need for raw materials and 
those required for transportation and final disposal. 

• Hazardous constituents: A number of materials in computers have been identified 
as a concern in some European markets and could be restricted and banned. These 
include halogenated flame retardants, lead and Polyvinyl Chloride (PVC) in 
cables. 

• Ease of service, repair and upgradability: This increases the useful life of the 
product therefore reducing the need for parts and materials. This needs to be 
balanced against the fact that newer technologies may be more energy efficient 
and therefore would result in more significant environmental savings if older 
technologies were replaced. 

• Ease of disassembly and recycling: This encourages recycling by making it easier 
to take a product apart at the end-of-life and increasing the value of materials. 


Reducing the environmental impacts in products called “Design for Environment” or 
DfE, is an integral part of every product design effort at Apple. This DfE program aims to 
incorporating beneficial environmental attributes into new Apple products. 
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Appendix B • Energy Requirement Assumptions 


For the energy studies made in this review the following assumptions were made: 

• Non ENERGY STAR® 55 watts active with no sleep mode* 

• ENERGY STAR® 55 watts active 30 watts in sleep mode* 

• Power Mac G4 desktop computer 45 watts active, less than 5 watts in sleep mode 

*Based on Lawrence Berkeley National Laboratory (LBNL), Unpublished Analysis of ENERGY 
STAR® Product List, December 1996. 

Usage pattern is assumed to be 24 hours-7 days a week operation with 75% of each day 
spent in sleep mode (6 hours) and 25% in active mode (18 hours). Therefore: 

• Non ENERGY STAR®: 55 watts x 24 hours x 365 days / 1000 conversion factor 
= 482 kWh 

• ENERGY STAR®: (55 watts x 6 hours normal x 365 /1000) + (30 watts x 18 
hours sleep x 365/1000) = 317 kWh 

• Power Mac G4 desktop computer: (45 watts x 6 x 365 /1000) + (5 watts x 18 x 
365/1000) = 131 kWh 

Energy Costs per Annum 

In the United States electricity costs 0.077 cents per kilowatt-hour; therefore: 

• Non ENERGY STAR® costs $37.11 per year 

• ENERGY STAR® $24.4lper year 

• Power Mac G4 desktop computer $10.09 per year 

In Germany electricity costs 0.31 DM per kilowatt-hour, therefore: 

• Non ENERGY STAR® 149.42 DM per year 

• ENERGY STAR® 98.27 DM per year 

• Power Mac G4 desktop computer 40.61 DM per year 

German energy price converted to USD is $0.17 per kilowatt-hour, and thus in Germany: 

• Non ENERGY STAR® $81.94 per year 

• ENERGY STAR® $53.89 per year 

• Power Mac G4 desktop computer $22.27 per year 
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Appendix C • Glossary and References 


AGP: Accelerated Graphics Port 

APES: Apple’s Product Environmental 
Specifications 

ANPP: Apple New Product Process 

ASIC: Application Specific Integrated Circuit 

CFC: Chlorofluorocarbon 

CPU: Central Processing Unit 

DIMM: Dual Inline Memory Modules 

DRAM: Dynamic Random-Access Memory 

DfE: Design for Environment 

EMC - Electromagnetic Compatibility 

EMI: Electromagnetic Interference 


ETS: Environmental Technologies and Strategies 
Group 

LAN: Local Area Network 

LED: Light Emitting Diode 

ODC: Ozone Depleting Compound 

PCB: Printed Circuit Board 

PCI: Peripheral Component Interconnect 

PVC: Polyvinyl Chloride 

ROM: Read Only Memory 

SDRAM: Synchronous Dynamic Random- 
Access Memory 

UMA: Universal Motherboard Architecture 
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